Purpose and Scope of the Proj ect
Pure refe re nce co mpound s derived from perylene, partic ularly various oxidation products, wer e needed in co nn ec tion with a s tudy of the prod ucts res ulting from photochemical reactio ns of peryl e ne ad sorbed on various parti c ul ates. Beca use th ese co mpo un ds wer e not available in a s uitable state of purity, the method s reported in the ex perim e ntal part were developed for th eir sy nthesi s and purifi cation. Reliable procedures are given for the purification of peryle ne (1), a nd for the pre paration and purification of 3,1O·per yle neq ui. none (2), 1,12·perylenequinone (3 ), 2, 1l·dihydroxy· 3,1O-perylenequinone (4 ), 4 ,9-dihydroxy-3 ,1O-perylen equinone (5 ), 4-oxo-4H-benz [ de] anthracene-7-8-dicarboxylic anhydride (6 ), phe nanthre ne-l,8,9,1O-te tracar boxylic dianhydride (7 ) , and anthraquinone -l ,5-di carboxylic acid (8 ). The preparation of 3,9-perylen eq uinone (9) is also re ported.
The purification of the compounds was fo llowed by thin-layer c hromatogr aphy until constant, reproducible R f values were obtain ed. For ide ntifi cation purposes, the infrared absorption spectra of co mpounds 1 to 8 were record ed; these are reproduced in fig ure L The peaks in th e ultraviolet and visible spec tra of these co mpounds are give n in table L I Fi gu res ill bracke ts indica te th e li terature references at t he e nd of thi s pape r. t Ce rtain comme rc ial p rod ucts a nd in strum e nt s are id ent ified in th is paper in ord e r to s pecify ade<luately tb e ex pe rim e nta l procedure. In no c ase doC! s such ide ntificat ion impl y reco mm end atio n o r e ndorse me nt by th e Na tio na l Bu rea u of S tand a rds . nor does it impl)' that t he products or equil>menl id e ntifi ed are necessa ri ly t he bes t ava ila ble fo r th e purpose.
Purification of Perylene (1)
A soluti on of 300 mg (0.001 2 mole) of per ylene (co m mercial grade) in 1: 1 (v/ v) be nze ne-tolue ne (50 ml) was introdu ce d onto a column (3.5 X 50 c m) of s ili ca gel (100-200 mes h), a nd the column was eluted with 3: 1 (v/ v) glac ial ace ti c acid-be nze ne . A s mall , fo re-r u nnin g zo ne was discard ed : a major ye ll ow zo ne, whi c h sometimes had a grayis h purple shade, was coll ec ted a nd co nce ntra ted to dryness. Rec rys tallization from glacial aceti c acid , a nd th en from xyle ne, yielded lu strous yellow-ora nge pla tes ; yield 250 mg 
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A thin -layer c hroma togra m (5 X 20 c m glass plate covered with fres hly ac tiva ted Silica Gel G,2 250 I-tm thi c k), s howed a homoge neou s yellow spot that had a blue flu orescence; 2: 1: 1 (v/v) heptane-toluene-ace tic acid (solve nt A) , 60 mi n, gave R f 0.88 ± 0.01 ; 18: 1: 1 (v/v) he ptanc-tolue ne-acetic acid , 60 min , gave Rf 0.46 ± 0.01. If the c hromatogram is spotted with a concentrated solution of peryle ne , two fluorescent areas are usually ob served , namely , a yellow spot s urround ed by a bluis h halo. A thi n-la yer c hro ma togram of the purifi ed material was in r easona ble agreeme nt with that of a sample of peryle ne purified by zone-refinin g.
If the c hromatogram is exposed to iod ine va por for 2 min , the color of the spot, ori ginally yell ow, turn s 3. 3,1 O-Perylenequinone (2) 3.1. Discussion 3,1O-Perylenequinone (2) may be prepared by oxidation of perylene with chromic acid according to the method of Zinke and Unterkreuter [4] . Dione 2 is rather difficult to purify by recrystallization. In table 1, the ultraviolet and visible spectra of dione 2 as reported by Brown and Todd [5] are compared with those of the product purified as described in section 3.2.
Analytically pure dione 2 has been obtained by two methods of purification: (a) column chromatography on silica gel, and (b) adsorption chromatography on activated carbon.
Preparation of 3,1 O-Perylenequinone (2)
One gram (0.004 mole) of perylene (reagent grade) was oxidized with chromic acid (10 g of chromium trioxide in 100 ml of water) for 6 hr at 100°C with continuous agitation, according to a published procedure [4] . The mixture was filtered while hot, and the filtrate was saved for isolation of compound 8. The crude product was washed with water, and dried at 50 °C; yellowish brown powder, yield l.0-l.05 g (89-94%). then introduced onto a column of silica gel (5 X 50 cm, 100 to 200 mesh), which was eluted with glacial acetic acid by the technique described elsewhere [6] . The fast-moving, light-yellow zone (A), composed primarily of compounds 1 and 8, was followed by a slow-moving, deep-yellow zone (B), composed of dione 2; the next zone (C) was yellow-brown and mainly contained compound 6.
The deep-yellow zone (B) was collected, and concentrated to dryness; yield of crude 2, 65 to 70 mg (43-47%); mp 380 to 382°C (dec.). The prod uct was purified by dissolving 50 mg in 100 ml of warm, glacial acetic acid, and filtering the solution into a vigorously stirred mixture of 50 ml of warm, glacial acetic acid and 1 g of Darco activated carbon. (See footnote 2.)
Compound 2 was quickly adsorbed onto the carbon, and the solution became colorless after the mixture had been stirred for 2 to 3 min. The carbon (containing adsorbed dione) was filtered off, washed with acetic acid, dried at 50°C, and extracted with 5 ml of warm nitrobenzene_ The extract was kept at room temperature for 1 to 2 hr; compound 2 crystallized as lightyellow needles; 30 mg (20%), mp 390 to 392°C (dec.); lit. mp 350°C [4] . This material produced one sharp, yellow spot having a strong, purple-pink fluorescence on a thin-layer chromatogram with 18: Analytically pure 3,10-perylenequinone is difficult to obtain by fractional recrystallization. However, a product of about 98 percent purity, which can be utilized for many purposes (including oxidation, and reduction to the corresponding diol), may be obtained as follows_ A sample of crude 3,1O-perylenequinone Crude 3,10-perylenequinone (150 mg) was dissolved in 150 ml of warm, glacial · acetic acid, the solution was cooled to 35 to 40°C, and an insoluble residue (25 mg) was filtered off. The dark-brown filtrate was ' . (400 mg) is successively extracted with benzene in a 42 1 I I Soxhlet apparatus for 6 hr, and then with 150 ml of 4 perce nt aqueous sodium hydroxide solution by s tirrin g at 40 to 45°C for 2 hI. The crude dione 2 is then successively recrystallized from 4:1 (v/v) N,l'ldimethylformamide-glacial acetic acid (50 ml) and warm nitrobenzene (50 ml); yield 240 to 260 mg (60-65%). This product gives a quite satisfactory thin· layer chromatogram and infrared spectrum; the impurity that shows absorption bands at 5.65 and 5.75 fLm is diminished to an amount corresponding to ca. 98 percent purity.
5. Anthraquinone-l ,5-dicarboxylic Acid (8) 5 .1. Discussion Anthraquinone·l,5-dicarboxylic acid (8) [7] may be prepared by oxidation of perylene or 3,10-perylenequinone with chromic acid [4, 8] ; or by oxidation of 3,9'perylenequinone with chromic anhydride in sulfuric acid [9] ; it may be characterized as its dimethyl ester [10] .
Preparation of Anthraquinone-l ,5-dicarboxylic
Acid (8) The dark·brown filtrate obtained after separation of 2 (see sec. 3.2) was kept at room temperature for 48 hr, to yield crude 8,50 mg (4.8%). The crude product (50 mg) was dissolved in about 10 ml of 10 percent aqueous ammonium hydroxide, the solution was filtered, and the cold filtrate was acidified with dilute hydrochloric acid. The precipitated acid (8) was further purified by recrystallization from aqueous methanol (with concentration and cooling) to yield colorless or pale-yellow, lustrous crystals of 8; yield 35 mg (3.3%); mp 388 tp 390°C (sintering at 340°C, anhydride formation). A thin· layer chromatogram (sil ica gel G, 250 fLm thick) showed a colorless to pale· yellow spot having light-blue fluorescence, solvent A, 60 min, R f 0.32 ± 0.02.
4-0xo-4H-benz[de]anthracenedicarboxylic
Anhydride (6) 6.1. Discussion 4-0xo·4H·benz[de]anthracenedicarboxylic anhydride (6) ("perylenic acid") may be prepared by exhaustive oxidat!on .of perylene (1) with c hromic acid [II, 12] . by OXidatIOn of 3,1O·perylenequinone (2) with either manganese dioxide in concentrated sulfuric acid [11] or potassium permanganate in pyridine r5] , or by oxidation of perylene (1) with hydrogen peroxidevanadium pentaoxide complex as described in sec. 6.3.
Preparation of 4-0xo-4H-benz[de]anthracenedicarboxylic Anhydride (6)
To a stirred solution of crude 3,10-perylenequinone (2) (1 g; 0.0035 mole) in 50 ml of concentrated sulfuric 43 acid (cherry-red solution) at 95°C was added, portionwide, 6 g of active manganese dioxide during 1 hI. The brown· red solution was cooled, and poured into ice water (400 ml), and the precipitate was filtered off; yield of crude 6, 250 to 300 mg (23.7-28.4%). The crude mixture was extracted with 150 ml of warm 4 percent aqueous sodium hydroxide at 45 to 50°C for 2 hr, and the suspension was filtered. On acidification with dilute hydrochloric acid, the filtrate, which showed a deep·green fluorescence, yielded 200 mg (19%) of crude 6. The crude acid (6) was dissolved in 150 ml of warm, glacial acetic acid, the solution was filtered, and the filtrate was chromatographed on a column (5 x 50 cm) of silica gel with glacial acetic acid as the eluant. The second zone (brown-yellow) was collected, and evaporated to dryness; the product was refluxed with acetic anhydride for 30 min, and the extract was evaporated to dryness. Recrystallization from nitro· benzene-pentane yielded orange· yellow crystals of 8,60 mg (5.7%), mp 335 to 337°C (dec.). A thin·layer chromatogram showed a yellow to yellow·orange spot having a light-blue fluorescence; solvent B, 60 min, R f 0.57 ±0.02.
Oxidation of Perylene With Hydrogen PeroxideVanadium Pentaoxide Complex
To a solution of perylene (1) (0.5 g; 0.002 mole) in 200 ml of glacial acetic acid at 100 °C was added dropwise, with stirring, the yellow complex prepared by dissolving 100 mg of vanadium pentaoxide in 10 ml of 50 percent hydrogen peroxide; a vigorous reaction ensued, and the solution turned blue· purple. After addition was complete (10 min), the mixture was stirred at room temperature for 60 min; then 50 ml of water was added, and the mixture was stirred for 15 min , and concentrated to about 50 ml. The resulting precipitate (300 mg) was stirred with warm 4 percent aqueous sodium hydroxide for 2 hr, and the suspension was filtered; the filtrate was acidified with dilute hydrochloric acid, to give crude 6 (200 mg, 33.9%).
This product was purified by column chromatography on silica gel as described in sec. 6.2; the yield of 6 was 95 mg (16.1%). A thin-layer chromatogram was identical with that of the product described in sec. 6.2.
7. Phenanthrene-l,8, 9,1 O-tetracarboxyl ic Dianhydride (7) 7.1. Discussion
Compound 7 may be prepared by oxidation of co mpound 6 with nitric acid [12] .
Compound 7 was prepared by a modification of the procedure of Brown and Todd [5] . Use of N ,N-dimethylformamide as a cosolvent in the oxidation enhanced the solubility of the starting material, dione 2, and resulted in a higher yield of 7.
Preparation of
A mixture of compound 2 (400 mg; 0.0014 mole), finely powdered potassium permangate (1 g), N,N· dimethylformamide (50 ml) , pyridine (10 ml), acetic acid (5 ml), and 3 ml of water was heated at 100°C for 30 min, and filt ere d hot from the precipitate of man· ganese dioxide. The brownish filtrate was cooled, and a small amount of the starting material separated; this was filtered off, and the filtrate was saved. The man· ganese dioxide was extracted with 150 ml of 4 percent aqueous sodium hydroxide at 50°C for 2 hr, and the suspension was filtered . The two filtrates were com· bined, cooled, acidified with dilute hydrochloric acid, and kept overnight at room temperature, affording crystals that were reextracted with base and reprecipitated from the extract, affording crude dianhydride 7 (80-100 mg) (17 .8-22.2%); this was purified by column chromatography on silica gel. Elution with 9:1 (v/v) glacial acetic acid-2-butanone gave a yellow zone, which was collected, and evaporated to dryness. The product was recrystallized from acetic anhydride (35 ml), to yield pale-yellow to orange-yellow crystals of dianhydride 7 , yield 30 mg (6 .6%); mp 362 to 364°C A mixture of finely powdered 1,2-naphthoquinone (2 g), sodium chloride (2 g), and anhydrous aluminum chloride (15 g) was placed in a round-bottomed flask (protected with a drying tube) and was heated in an oil bath at 140 to 145°C for 3 hr. The mixture was cooled, cautiously treated with 6 N hydrochloric acid, and refluxed for 5 to 10 min; the resulting dark-purple solid was filtered off, washed with water, and dried, yield of crude 4 , 1.89 g (94.5%). The product was recrystallized in the following way: crude product (800 mg) was heated, with stirring, with 280 ml of nitrobenzene, and the suspension was filtered while hot ; the product crystallized out on cooling the filtrate. It was redissolved by heating, and the solution was cooled to about 40°C; the product was filtered off, washed success ively with nitrobenzene, benzene, and methanol, and dried in a vacuum desiccator, giving lustrous , green-purple crystals of 4; yield 200 mg 44 L -_ _ (25%), mp 432 to 435°C (dec.). The sample was recrystallized once more for analysis. A thin-layer chromatogram showed a purple-pink spot when the solution was dilute, and a deep-blue spot when the solution was concentrated (weak-purple fluorescence , changing to a blu e flu orescence, under ultraviolet light illumination for 2-3 min); silica gel G, 9. 4,9-Dihydroxy-3,1 O-perylenequinone (5) 9.1. Discussion 4,9-Dihydroxy-3,1O-perylenequinone (5) can be prepared by hydrolysis of 3,4,9,10-tetranitroperylene [14 , 15] , followed by air oxidation of the 3,4,9,1O-perylenetetrol obt ained [15] .
.2 . Preparation of 4,9-Dihydroxy-3,1 0-perylenequinone (5)
A solution of 3,4,9,1O-tetranitroperylene in conce ntrated sulfuric acid was hea ted in the air at 140°C for 6 hr [14 , 15] . The product was twice recrystallized from nitrobenzene, and then sublimed at 400 °C/0.05 mm, to give lustrous, blue-black crystals, mp 480 to 485°C (with sublimation and some decomposition). [16] . It has been found in this laboratory, however, that the above procedure is not very efficient, as the desired dione (3) is a labile compound that is difficult to prepare in quantity and to purify. Purification of dione 3 by fractional recrystallization, as described in reference [16] , does not afford a homogeneous product, as is evident from thin-layer chromatograms (see sec. 10.6). The procedure for the purification of dione 3 described here involves two chromatographic separations : (a) on silica gel and (b) on neutral alumina. Dione 3 , ob tained in very low yield, has been found to have a melting point (215-217°C) considerably lower than that reported (287°C) [16] ; it gave a satisfactory elementary a nalysis, and yielded the known [16] 1,l2-dibenzoyloxyperylene on reductive benzoylation.
The starting material (1,12-perylenediol) was pre· pared by a sequence of reactions, including oxidative dimerization of 2-naphthol to 1,l'-bi-2-naphthol, con· versIOn of the latter into the corresponding dimethyl ether, and cyclization and demethylation of the ether interm ediate to 1,12-perylenediol. The preparation of the reaction interm ediates is described in the following s ub section s.
Oxidative Dimerization
A stirred solution of 2-naphthol (25 g; 1. 73 moles) in 400 ml of methanol and 300 ml of water was treated, in .., portions, with an aqueous solution (100 ml) of ferri c c hlorid e hexahydrate (50 g; 1.85 mole) at 55°C durin g 5 to 7 min; s tirring was continu ed for 45 min at 50 to 52 0c. At this point, the produ ct crystallized out from the green mixture; the mixture was cooled to about 20°C, and the product was filtered off, washed with ice-cold 3:1:1 (v/v) water-methanol-ace tone , and dried in a vacuum oven at 50°C for 48 hr; yield of the first c rop of 1,l '-bi-2-naphthol (white, or slightly palegreenish needles), 14.1 g, mp 205 to 208°C. Concentration of the filtrate, and further dilution with water and cooling, yielded a second crop of lower quality (4.2-4.5 g). The product was recrystallized once from water-methanol-acetone (decolorizing carbon), and > this product (mp 212-214 0c) was used in th e next step.
An analytical sample was obtained by twice recrystallizing the product from glacial acetic acid, to give snow-w hite, lu strou s c rystals; dried at 140 °C/0.05 mm for 3 hr, mp 216 to 218°C; th e solidified melt had mp 219 to 220°C; lit. mp 218°C 117J. In crease in co nce ntration of the ferric c hloride, or of the starting mate rial , did not improve the yield of the product, but gave a colored produ ct; the dilute solution seemed to be im-; : : . portant for th e success of th e oxidative di merization 
Methylation
Once-recrystallized 3 1,I'-bi-2-naphthol (mp 210-212°C, 10 g) was dissolved, with stirring, in 8 percent ~ aqueous sodium hydroxide (100 ml) containing 2 g of sodium hydrosulfite; the solution was treated dropwise with methyl sulfate (15 ml) at 55°C in a hood; th e dimethyl e th er crystallized out after 15 to 30 min of s tirring. The reaction mixture was cooled and filtered, and the solid was washed with water, and dried in a vacuum desiccator. The yield of crude 2,2'-dimethoxy-!::i. 1,I ' -binaphthyl was 8. 
Cyclization
A mixture of dry , powdered, recrystallized 2 2'-dim ethoxy-l,l'-binaphthyl (10 g; 0_033 mole), sodi~m chloride (5 g), and anhydrous aluminum chloride (35 g) was placed in a round-bottomed flask, protected from moisture, and heated at 165°C for 90 min _ The darkgreen mixture was cooled, and carefully treated with warm 2.5 N hydroc hloric acid containing 2 g of stannous chloride; after the mixture has been briefly warmed, the black-green solid was filtered off, washed with 2.5 N hydrochloric acid, a nd dried over sod iu m ,hydroxide in a vacuum desiccator. The yield of crude 1,12-perylenediol wa s 8-8.5 g (85-91%). Inspection of the crude product by thin-layer c hromatography showed the presence of an appreciable proportion of 1,1' -bi-2-naphthol, indicating that the treatment with aluminum c hloride ca used some de me thylation before cyclization to the pe rylenediol. When th e cyclization reac tion was co ndu c ted in small batches (l g), and th e tempe rature was gradually raised to 165°C, the amou nt of side -produc t d ecreased somew hat. The crude product was difficult to purify.
In an attempt at purification, a small sa mpl e of crud e diol was di ssolved in warm p-dioxane, and the solution was filtered into 6 N hydrochloric acid containin g stannous c hloride. The light-gray solid that c ry stallized out was still impure according to a thinlayer c hro matogram with 18:1:1 (v/v) be nze ne-N,N-dimethylformamide-acetic acid. Purifi cation of the diol by column chromatography is also difficult, because of th e air oxidation that occurs.
Sodium Hydroxide Extraction a nd Partial

Oxidation of 1, 12-Perylenediol
Crude 1,12-peryle nediol (5 g; 0.0175 mole) was s tirred with 3 perce nt aqueous sodium hydroxide (1.5 liters) at 55°C for 60 min; to prevent oxidation of the diol, s mall portions (4 x 150 mg) of powdered aluminum-nickel alloy (1: 1 by weight) were periodically added to the mixture to avoid foaming due to evolution of hydrogen. The reaction mixture (which showed a strong, gree n fluorescence) was filtered through a layer of filter paper, and the filtrate was partially oxidized by bubbling air through it at room temperature for 12 to 18 hr. The dark-brown solid was filtered off, washed with water, and dried; yield of crude 1,12-perylenequinone, 0.8 g (16.1 %). The filtrate was ne utralized with c9ncentrated hydrochloric acid , and the dark-brown solid (an additional crop of dione 3) was isolated; yield 0.9 g; total yield 1.7 g (34.2%). The second crop contained a considerable proportion of 1,12-perylenediol and other hydroxylated impurities.
Isolation and Purification of 1, 12-Perylenequinone (3)
A suspension of c rude dione 3 (1 g; 0.0035 mole) and lead dioxide (8 g; 0.033 mole) in 200 ml of dry benzene was refluxed for 2.5 hr, and filtered while hot. The solid was again refluxed with 150 ml of benzene, and the brown·red filtrates were combined and concentrated to about 120 ml. Thin-layer chromatography on silica gel with 18:1:1 (v/v) benzene-N,N-dimethylformamide-acetic acid indicated the presence of five components (colored and colorless, but fluorescent). The original filtrate (120 ml) was introduced. onto a silica gel column (5 X 50 cm) and eluted with 4.: 1 (v/v) benzene-acetic acid (1-1.2 liter; 1 ml per mill). Five zones were successively eluted. The slow-moving, dark-red zone was collected. and evaporated to dryness. The solid was treated with 150 ml of hot benzene, and the suspension was filtered, the filtrate being run into a stirred slurry of neutral alumina (75 g) in benzene.
The adsorbate with dione 3 was filtered off, and transferred to a column (3 X 35 cm), and thoroughly washed with warm benzene until the eluate was free from any fluorescent impurity. The orange-red column was then eluted with 1 : 1 (v/v) be nzene-acetone. The eluate was concentrated to about 3 ml, and the solution was filtered. The filtrate was kept for 24 hr at room temperature, giving lustrous, red crystals of 1,12-perylenequinone (3); these were filtered off, washed with benzene, and dried; yield 25 mg (2.5%), mp 215 to 217°C (darkening at 210 °C), lit. mp 287°C [16] . The sample was dried at 78 °C/0.05 mm for 2 hr, and analyzed. A solution of dione 3 (10 mg) in p-dioxane (1 ml) was treated at 40°C with 5 ml of 10 percent aqueous sodium hydroxide con taining 300 mg of sodium hydro sulfite and 0.25 ml of benzoyl chloride. Concentration and cooling produced greenish-yellow crystals (strong, green fluores cence). The product was dissolved in warm methanol (or methanol-acetone) and the filtered solution was treated with Darco carbon (250 mg). The adsorbate of the product on carbon was extracted with warm be nzene; the filtered solution was concentrated to 3 mI, and the solution was diluted with ethanol-pentane to turbidity, and kept at room temperature for 24 hr. Yellowish crystals (8 mg) were filtered off, and dried at 110 °C/0.05 mm for 2 hr; mp 225 to 226°C; the product was identical with an authentic sample of 1 ,12-dibe nzoyloxyperylene [16] ; ,\~~~H 415 (E ~ 6,000) and 435 nm (E ~ 7,500). 11. 3,9-Perylenequinone (9) 11.1. Discussion 3,9-Perylenequinone (9) may be prepa~ed by hydrolysis of the corresponding dichloro-or dlbromoperylene [19] , or by oxidation of 1,2,3,7,8,9-hexahydro-3,9-perylenequinone with iodine in pyridine [9] . In t~e present study, quinone 9 was obtained by hydrolysIs of a mixture of 3,9-and 3,10-dichloroperylene; preparation of such a mixture was reported by Pongratz and Eichler [20] , but the ratio of the isomers was not determined by them, and they made no use of the mixture.
Selective Chlorination of Perylene
Perylene was chlorinated by a slight modification of the procedure of Pongratz and Eichler [20] .
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To a warm solution of perylene (1) (2.52 g; 0.01 mole) in 250 ml of benzene was added 2.8 g (0.021 mole) of sulfuryl chloride, and the solution was refluxed for five hr. The dark-brown reaction mixture was then concentra ted to about 70 ml (start of crys-<; tallization) and chilled, to give yellow product (750 mg); concentration of the filtrate to about 30 ml, followed by cooling, gave an additional crop (150 mg); total, 900 mg (28%). Recrystallization of the first crop (750 mg) from 40 to 45 ml of warm toluene gave lustrous, golden plates, 500 mg, mp 238 to 241°C; lit. mp 242 to 280°C [20] . Recrystallized dichloroperylene mixture (300 mg; 0.093 mole) and 15 ml of concentrated sulfuric acid in a test tube was heated in an aluminum block at 16~ to 170°C (beginning at 150 °C) for 5 hr; the dark reactIOn mixture was cooled, and decomposed with ice water to give a lustrous graphite-like solid, ~onsisting .of a mixture ' of 3,9-and 3,10-perylenequmon~s; .Yleld, -I 250 mg (95%). Direct recrystallizatio~ of thiS ~'Illxt~re from 4: 1 (v/v) N,N-dimethylformamlde-ace.tlc aCI?, 1 gave a mixture containing 3,10-per~lenequmone I~ high proportion; the red filtrate contamed an apprecIable amount of 3,9-perylenequinone.
.(
The crude quinone mixture (150 mg) was separated with difficulty on a column of silica gel with glacial acetic acid as the eluant by the procedure given in section 3.2. The rates of migration of 3,9-and 3,10-perylenequinones in acetic acid (or ot. her solve~ts tried) were so close that chromatographic ~eparatlOn had to be repeated three times. ConcentratIOn of the eluates yielded 32 mg of 3,9-perylenequinone and about 98 mg of 3,10-perylenequinone, correspon?ing ~o an approximate weight ratio of 3: 1. For. analysl.s, qu~none 9 was recrystallized from hot, glacial acetic aCId, to give dark-purple needles , mp 372 to 375°C (dec.) lit. mp 350°C (dec.) r91.
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